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ARTICLE INFO ABSTRACT

Keywords: MicroRNAs are classified as small non-coding RNAs that regulate gene expression mainly through targeting the
Hsa-miR-5195-3p 3’UTR region of mRNAs. A great number of miRNAs play important role in the regulation of signaling pathways
TGFBR

in normal and cancer cells. Here, we predicted hsa-miR-5195-3p (miR-5195-3p) as a potential regulator of TGF3
signaling and investigated its effect on TGFB-R1, TGFB-R2, SMAD2, SMAD3 and SMAD4 transcripts which are
key players of TGF3/SMAD signaling pathway. Overexpression of miR-5195 in HCT116 cells resulted in a sig-
nificant reduction of TGFB-R1, SMAD2, SMAD3, and SMAD4 at the mRNA level which was confirmed using RT-
qPCR. Consistently, western blot analysis confirmed that miR-5195 overexpression in HCT116 cells resulted in
downregulation of TGFBRI1 at the protein level. Furthermore, dual luciferase analysis verified the direct inter-
action of miR-5195 with TGFB-R1 and SMAD4 3’UTR sequences in SW480 cells. Additionally, flow cytometry
analysis confirmed that miR-5195 overexpression significantly increased the sub-G1 and decreased the G-1 cell
populations in both SW480 and HCT116 cell lines. Finally, miR-5195 overexpression significantly downregulated
¢-MYC and cyclin D1 but upregulated p21 genes. Overall, our results indicated that miR-5195 modulates TGF(
signaling pathway and affects the cell cycle progression through targeting TGFB-R1, TGFB-R2, SMAD2, SMAD3,

TGFB/SMAD signaling pathway

SMAD4 transcripts.

1. Introduction

TGFB/SMAD signaling pathway regulates many biological processes
in different cell types including cell proliferation, differentiation and
apoptosis (Tian et al., 2011; Jingushi et al., 2015). TGFp superfamily
ligands (TGF[(3, bone morphogenic proteins (BMPs) and activin/inhibin)
initiate Signal transduction through binding to the type 1 and type 2
receptor serine/threonine kinases on the cell surface. Type 2 receptor
(TGFBR2) activates type 1 receptor (TGFBR1) via phosphorylation of
the kinase domain of TGFBR1. TGFBR1 phosphorylates R-SMADs
(SMAD2 and SMAD3) that will form a complex with the co-SMAD
(SMAD4). Later on, this complex (SMAD2, SMAD3 and SMAD4)
translocates into the nucleus as a transcriptional regulator (Miyazono,
2000; Shi and Massagué, 2003). Cooperation of various cofactors with
the SMAD complex results in the expression of cell specific target genes
(Massagué, Joan, 2012). Recent experimental studies indicated that
TGF-p signaling exerts a tumor suppressive effects by promoting cell
cycle inhibition and apoptosis during the early stages of carcinogenesis.
On the contrary, TGF-f3 promotes tumor invasion and metastasis during
the advanced stages of cancer (Siegel and Massagué, 2003; Lebrun,
2012). MicroRNAs are a class of small endogenous non-coding RNAs
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that generally bind to the 3’untranslated regions (3’-UTR) of target
mRNAs and thus negatively regulate the expression of protein coding
genes by inducing mRNA degradation or translational inhibition
(Bartel, 2004; Ambros, 2004). Studies have indicated that miRNAs
dysregulation play a crucial role in carcinogenesis by affecting the ex-
pression of tumor suppressive or oncogenic genes (Esteller, 2011).
Several recent studies have introduced that miRNAs can directly mod-
ulate signal transduction through acting as a principal post-transcrip-
tional regulators of gene expression. MiRNAs can cause different cel-
lular responses through targeting signaling pathway components or
regulators (Inui et al., 2010; Avraham and Yarden, 2012). Additionally,
miRNAs have been reported to play an indispensable regulatory effect
in TGFp signaling (Hoballa et al., 2017; Jafarzadeh et al., 2016a). In the
current study, we demonstrated that hsa-miR-5195 exerts a negative
regulatory effect on the gene expression of TGF-B/SMAD signaling
components (Table 1).
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Table 1
Primer and oligo sequences that were used in the study.
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Primer name

Primer sequences, 5' to 3'

miR-5195-3p
TGFBR1-3'UTR
TGFBR2-3'UTR
SMAD3-3'UTR

SMAD4 (PART1)-3'UTR
SMAD4 (PART2)-3'UTR
M13

pEGFPC1

Psi-check2

TGFBRI- real time
TGFBR2- real time
SMAD2- real time
SMAD3- real time
SMAD4- real time
GAPDH

miR-5195-3p- real time
U48

UNIVERSAL-outer
Anchored OligodT

Forward: CAGATACAGCCCATCCTTCCAAG
Reverse: CTGTCCGCTCTTACTCCCTC

Forward: CTCGAGTTAATTCCTTTTTTGGCTAGGG
Reverse: GCGGCCGCAACAAAAGCTTCATATCCTGGT
Forward: AGTGGGTGACATAGAGCATTC

Reverse: TACATGAGTACAGCAGAAGTGTT
Forward: CTCGAGCAGACCTCATGCCCAGCTCTCT
Reverse: GCGGCCGCCCAGCAGCCTTGCCCTCATGTGTG
Forward: AGACCCACAACCTTTAGACTGAG
Reverse: AGAAAAGGGAACAATGAGGCCA
Forward: AGGCAAGGAAACCAGATCC

Reverse: CGACTATTTTTTAGCCACAGACTT
Forward: GTAAAACGACGGCCAGTGAAT

Reverse: CAGGAAACAGCTATGACCATG

Forward: AGTCCGCCCTGAGCAAAG

Reverse: TACAAATGTGGTATGGCTGATTATG
Forward: GAGGACGCTCCAGATGAAATG

Reverse: CTCACACAAAAAACCAACACACAG
Forward: CATTTTTCCCAAGTGCCAGT

Reverse: ACACCCCTAAGCATGTGGAG

Forward: TTTGGATGGTGGAAGGTCTC

Reverse: GCAACAGCTATTGGGATGGT

Forward: CGAGTGGGTAGTGTTCTCAGGG
Reverse: TGG TCA GCT CCT TCT GGT GTG
Forward: CCTGTGCTGGAACATCATCTCAG
Reverse: CTTCCTAAGAGTCAAAGTCCCTGC
Forward: AAGTAATGGCTCTGGGTTGGG

Reverse: TCAAACAGCAGAACAAAGATAAGGAA
Forward: GCCACATCGCTCAGACAC

Reverse: GGCAACAATATCCACTTTACCAG
Forward: ATCCAGTTCTCTGAGGGGG

Forward: TGACCCCAGGTAACTCTGAGTGTGT
Reverse: GCGTCGACTAGTACAACTCAAG
GCGTCGACTAGTACAACTCAAGGTTCTTCCAGTCACGACG(T)18V

2. Materials and methods
2.1. Bioinformatics

The 3’-UTR sequences of human TGFB-R1, TGFB-R2, SMAD2,
SMAD3 and SMAD4 were retrieved using Entrez. Prediction of miRNA
targets was conducted using Targetscan, microT-CDS and miRmap da-
tabases. In order to evaluate the MREs conservation in different or-
ganisms, blat search was performed using UCSC genome browser.

2.2. DNA constructs

Genomic DNA was extracted from the blood of a healthy individual
according to the manufacturer's protocol (molecular cloning, Green and
Sambrook) and used as a template for PCR. A 489 bp genomic DNA
fragment containing the precursor of hsa-miR-5195 was amplified using
a pair of oligonucleotides and cloned into pEGFP-C1 expression vector
(Clontech) downstream of the GFP sequence. SMAD4-3’UTR sequence
containing MREs for hsa-miR-5195 was divided into two fragments
(2431bp and 2118bp in length) then were separately fused and cloned
downstream of the luciferase reporter gene in psi-check2 vector. The
PCR products were first cloned into TA vector (Fermentase) and then
sub-cloned into psi-check2 Dual-Luciferase vector using NotI and Xhol
restriction enzymes. All recombinant vectors were extracted using mini-
prep kit (Qiagene Co.) and sequenced.

2.3. Cell culture

HCT116 and SW480 cell lines were cultured in RPMI- 1640 and HG-
DMEM media (Invitrogen), respectively, supplemented with 100 U/ml
penicillin and 100 pug/ml streptomycin (Sigma), 10% fetal bovine serum
(FBS) (Invitrogen) and incubated at 37 °C with 5% CO2. These cell lines

were obtained from Pasteur Institute/ Iran.

2.4. Transfection

For miRNA overexpression analysis, HCT116 and SW480 cell lines
were seeded in 12 well plates (12 X 104 cells per well) and were al-
lowed to adhere for 24 h. These cells were transiently transfected with
the pEGFP-C1 expression vector containing hsa-miR-5195 precursor
using Lipofectamine 2000 (Invitrogen). Transfected cells were then
cultured for 6 h and the culture media was replaced with a fresh media
supplemented with 10% FBS. GFP expression was visually examined
24 h after transfection using fluorescent microscope (Nikon eclipses
Te2000-s). The cells were harvested 36 h after transfection and RNA
extraction was performed.

2.5. RNA extraction and quantitative RT-PCR

Total RNA was extracted from different cell lines using Trizol re-
agent according to the manufacturer's protocol (Invitrogen). The RNA
quality and yield of the extracted RNA was analyzed using agarose gel
electrophoresis and spectrophotometry, respectively. In order to avoid
genomic DNA contamination, DNasel treatment was performed prior to
cDNA synthesis by the following method: DNAasel treatment (Takara)
at 37 °C for 30 min followed by inactivation at 72 °C with EDTA, then
cDNAs were synthesized using Prime Script II reverse transcriptase
(Takara). For miRNA detection, polyA tail was added to the 3’ end of
RNAs before cDNA synthesis. Real-time PCR was performed using
standard protocols of ABI PRISM7500 instrument (Applied Biosystems).
Relative changes of gene expression were calculated by 2—AACt and
2 — ACt methods and analyzed by GraphPad PRISM software. GAPDH
and U48 sno-RNA expression levels were used as an internal control.
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Fig. 1. Schematic representation of miR-5195-3p recognition sites (MREs) in the 3"UTR region of the target genes. A) Shows the Approximate position of miR-5195-3p
specific MREs in the TGFBR1, TGFBR2, SMAD2, SMAD3 and SMAD4 mRNAs. The numbers over the MREs represent the distance from the transcription initiation site.
B) Shows the pairing status of miR-5195-3p with one of the MRE sequences of the mentioned target genes.

2.6. Luciferase assay

For studying the direct interaction between hsa-miR-5195-3p and
the 3'UTRs of TGFB-R1, TGFB-R2, SMAD3 and SMAD4, SW480 cells
were co-transfected with psi-check2 construct and pEGFP-C1 vector
containing hsa-miR-5195 precursor. Psi-check2 reporter construct con-
tain Renilla luciferase gene upstream of 3’UTR of the target genes and
an independent firefly luciferase gene which served as an internal
control. 48h after co-transfection of both vectors into SW480 cells,
DualGlo luciferase assay was performed (Promega). The ratio of Renilla
to Firefly luciferase was analyzed and normalized relative to the cells
co-transfected with psi-check2 vector containing 3’UTR sequence of the
target genes and pEGFP-C1 mock vector (empty vector).

2.7. Western blotting

Soluble proteins were extracted from HCT116 cells and subjected to
12% Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Sigma, USA), and then transferred to a polyvinylidene fluoride
(PVDF, Thermo Scientific, USA) membrane. After that, membrane
blocking was performed at RT for two hours using 5% milk (Sigma,
USA) diluted in Tris-buffered saline containing 0.1% Tween (TBST, Bio
basic, Canada). Later on, the membrane was incubated with the pri-
mary antibodies, TGFB-R1 (1:500, Santa Cruz Biotechnology), cyclin
D1 (1/1000, Santa Cruz Biotechnology) and (-actin (1:1000; Santa Cruz
Biotechnology) overnight at 4 °C. Sheep anti-rabbit IgG-HRP (1/5000,
Santa Cruz Biotechnology) (against TGFBR1 and cyclin D1) and goat
anti-mouse IgG-HRP (1:3000; Santa Cruz Biotechnology) (against p-
actin) secondary antibodies were incubated for 1 h at RT. Actin protein

was used as a loading control. The bands were visualized using ECL
reaction kit (Beyotime, China), recorded in Canon EOS 60D and
quantitated using ImageJ software.

2.8. Cell cycle assay

SW480 and HCT116 cells were harvested 38 h after transfection
with hsa-miR-5195-3p, then centrifuged at 1200 rpm for 5min and
washed twice in PBS. Subsequently, 1ml of 70% cold ethanol was
added and cells were fixed in this solution for at least 30 min. For each
sample, 500 pl PI staining solution was added and incubated for 30 min
at room temperature and then analyzed by FACS Calibur flow cyt-
ometer using the Cell Quest software (BD Biosciences).

3. Results
3.1. Bioinformatics study

DIANA, Mirmap, Targetscan, and miRWalk algorithms were used to
search for the miRNAs that are potentially capable of targeting TGF-
beta/SMAD signaling pathway components. Hsa-miR-5195-3p had
several predicted recognition sites (MREs) within TGFBR1, TGFBR2,
SMAD3 and SMAD4-3'UTR regions. (Fig. 1). Compared to the flanking
sequences of the 3'UTR region, these MREs were more conserved which
will emphasize their functional importance.

3.2. Hsa-miR-5195-3p expression profile in different cell lines

RT-qPCR was performed to investigate the expression status of miR-
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Fig. 2. Representation of miR-5195-3p and its predicted target genes expression level in different human cell lines detected by RT-qPCR. A) Shows the expression
pattern of miR-5195 in different cell lines. B) Shows the expression pattern of miR-5195 and TGF-B signaling genes in six different cell lines.
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Fig. 3. The effect of miR-5195 overexpression on TGFp signaling pathway. A) Overexpression of miR-5195-3p precursor in HCT116 cells resulted in “60-fold increase
in the expression level of the mature miRNA compared to the mock transfected cells. Expression data was generally normalized against U48 as an internal control. B)
RT-qPCR analysis of TGFBR1, TGFBR2, SMAD2, SMAD3 and SMAD4 mRNA level following miR-5195 overexpression in HCT116 cell line. Results indicated that
TGFBR1, SMAD2, SMAD3 and SMAD4 endogenous expression level has been decreased. Expression data was normalized against GAPDH as an internal control.
Asterisk mark (*) represent P-value < 0.01. C) Reduction of TGFBR1 protein level following miR-5195 overexpression in HCT116 cells detected by Western blot. B-
actin was used as an internal control. Results are the mean of three experiments. D) Protein band quantification of TGFBR1 was performed using image-J software in
order to ensure the effect of miR-5195 overexpression on TGFBR1 downregulation. Asterisk mark (*) represent P-value < 0.01.

5195-3p in different cell lines. The highest relative expression of miR-
5195-3p was detected in fibroblast, SK-BR-3 and HeLa cells compared to
other cell lines. However, its expression in HCT116 cells was relatively
low (Fig. 2A). This low level miR-5195-3p expression makes HCT116
cells suitable for overexpression analysis. Then, the expression level of
miR-5195-3p, along with TGFBR1, TGFBR2, SMAD2, SMAD3, and
SMAD4 predicted target genes was analyzed in Hela, A549, MCF-7,
HCT116, SW480, and SK-BR-3 using RT-qPCR (Fig. 2B). Although miR-
5195-3p was almost undetectable in MCF-7 (breast cancer cell line) and
HCT116 (stage 4 colorectal cancer cell line) (Ahmed et al., 2013), the
predicted target genes expression was relatively high in both of cell
lines.

3.3. Hsa-miR-5195 overexpression promotes downregulation of TGFJ3
downstream genes

The effect of miR-5195-3p overexpression on the target genes ex-
pression level was investigated in HCT116 cell line that was transfected
with pEGFP-C1 vector containing the precursor of this miRNA.
Approximately, 60-fold change overexpression of miR-5195-3p was
detected in the transfected cells compared to the mock control
(Fig. 3A). TGFBR1, SMAD2, SMAD3 and SMAD4 mRNA levels were
decreased following miR-5195 overexpression in HCT116 cells how-
ever, this effect was not observed on TGFBR2 after performing RT-qPCR
(Fig. 3B). To confirm the effect of miR-5195 on the TGFBR1 protein
level, western blot analysis was performed on transfected HCT116 cells
that were overexpressing this miRNA. Overexpression of miR-5195 re-
sulted in reduced TGFBR1 protein level in these cells, compared to the
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Fig. 4. Dual luciferase analysis to confirm the direct interaction of miR-5195
with TGFBR1, TGFBR2, SMAD3 and SMAD4 -3'UTR sequences. Reduction in the
luciferase activity was detected in cells co-transfected with either TGFBR1 or
SMAD4 3’UTR sequences and miR-5195 compared to the mock transfected
cells. Asterisk mark (*) represent P-value < 0.01.

mock control (Fig. 3C). Protein band quantification of TGFBR1 was
performed using image-J software in order to confirm the result’s sig-
nificance (Fig. 3D).

3.4. Direct interaction of miR-5195 with the candidate target genes 3'UTR
sequences

Dual luciferase assay was performed in order to validate the direct
interaction of miR-5195 with 3’UTR sequences of TGFBR1, TGFBR2,
SMAD2, SMAD3 and SMAD4 genes. This experiment confirmed the di-
rect interaction of miR-5195 with TGFBR1 and SMAD4 3’UTR sequences
in SW480 cells compared to the related controls. However, no sig-
nificant change was detected in the luciferase activity of the cells co-
transfected with miR-5195 and TGFBR2 or SMAD3 3’UTRs (Fig. 4).

3.5. The effect of miR-5195 overexpression on cell cycle progression

In order to examine the effect of miR-5195 overexpression on the
cell cycle status, SW480 and HCT116 cells were transfected with
PEGFP-C1::miR-5195 or pEGFP-C1-mock vectors and PI flow cytometry
assay was performed 36 h after transfection. Results indicated that the
frequency of sub-G1 cell population in both cell lines has been sig-
nificantly increased following miR-5195 overexpression, compared to
the mock and untransfected controls. Additionally, miR-5195 over-
expression significantly downregulated the frequency of G1 cell popu-
lation in both cell lines, compared to the mock and untransfected
controls (Fig. 5A/B).

3.6. The effect of miR-5195-3p overexpression on the cell cycle regulators

To confirm the effect of miR-5195 overexpression on cell cycle
progression at the molecular level, HCT116 cell line was transfected
with pEGFP-C1::miR-5195 or pEGFP-C1l-mock vectors and the expres-
sion pattern of three cell cycle regulatory genes was studied. Hsa-miR-
5195 overexpression promoted downregulation of both cell cycle pro-
moters ¢-MYC (at the mRNA level) (Fig. 6A) and cyclin D1 (at the
mRNA and protein level) (Fig. 6A/B/C). However, it promoted upre-
gulation of the cell cycle inhibitor p21°P?/*%1 at the mRNA level
(Fig. 6A). In order to confirm the cell cycle inhibitory effect of miR-5195
at the protein level, western blot analysis was performed against cyclin
D1 and the results showed that miR-5195 overexpression significantly
downregulated cyclin D1 protein level compared to the mock trans-
fected cells (Fig. 6B). Protein band quantification of cyclin D1 was
performed using image-J software in order to confirm the result’s sig-
nificance (Fig. 6C).
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4. Discussion

TGF-3/SMAD signaling pathway effectively controls different bio-
logical processes and dysregulation of its canonical members occurs in
different cancer types (Levy and Hill, 2006). This deregulation affects
the tumor suppressive or oncogenic activity of TGF-B signaling and
alters the characteristics of normal or cancer cell (Ikushima and
Miyazono, 2010). MicroRNAs are a class of approximately 22 nucleo-
tides short non-coding RNAs that act as a post-transcriptional regulators
of gene expression. MiRNAs generally modulate signaling pathways
that are involved in different biological processes (Chen, 2015; He and
Gregory, 2004). As a potential master regulator of intracellular sig-
naling pathway, miRNAs can negatively affect the activity of TGF-B/
SMAD signaling through regulation of the expression of its components
(Xia et al., 2014; Najafi et al., 2017). For instance, hsa-miR-490-3p re-
presses cell migration in colorectal cancer by targeting TGFBR1 ex-
pression (Xu et al., 2015). Hsa-miR-17-5p targets TGFBR2 in gastric
cancer and subsequently promotes proliferation and migration (Qu
et al., 2016). Hsa-miR-27b inhibits TGFp1-induced fibroblast activation
by targeting TGFBR1 and SMAD2 (Zeng et al., 2017). Hsa-miR-146a
modulates proliferation and apoptosis in gastric cancer by targeting
SMAD4 (Xiao et al., 2012). We have demonstrated that hsa-miR-497
and hsa-miR-590 negatively regulate SMAD3 expression elsewhere
(Jafarzadeh et al., 2016a, b).

Here, we have used bioinformatic tools to predict and identify an-
other miRNA that targets TGF-3/SMAD signaling components. Hsa-miR-
5195-3p was suggested as a strong potential regulator of TGFBRI,
TGFBR2, SMAD2, SMAD3 and SMAD4 transcripts through direct
binding to their 3"UTR regions (Fig. 1). Hsa-miR-5195-3p has been re-
lated to leukemia (Schotte et al., 2011), associated with early stages of
rectal cancer (Slattery et al., 2016), correlated with smoking induced
colorectal cancer (Mullany et al., 2016) and gastric cancer stem cell
(Liu et al., 2014) and has been downregulated in lipopolysaccharide
(LPS)-induced periodontitis (Du et al., 2016). Recently, a new study
confirmed the tumor suppressive activity of miR-5195-3p in non-small
cell lung cancer through inhibition of cell proliferation, migration and
invasion (Yang, 2018). Nevertheless, few studies have been reported
concerning this miRNA to date. The endogenous expression level of hsa-
miR-5195-3p was relatively low in most of the tested cell lines pointing
to its potential tumor suppressive effect (Fig. 2). In order to examine the
effect of hsa-miR-5195-3p overexpression on the target mRNA levels, its
precursor was successfully overexpressed in HCT116 cell line (Fig. 3A).
RT-qPCR showed that the endogenous transcript levels of TGFBRI,
SMAD2, SMAD3 and SMAD4 were significantly decreased following
hsa-miR-5195-3p overexpression (Fig. 3B). Consistently, TGFBR1 pro-
tein level was decreased following hsa-miR-5195-3p overexpression in
HCT116 cells (Fig. 3 C/D). Then, dual luciferase assay supported that
hsa-miR-5195-3p can effectively target TGFBR1 and SMAD4 3’UTR se-
quences (Fig. 4).

Hsa-miR-5195-3p is reported to inhibit proliferation in bladder
cancer cell lines and its overexpression decreased cyclinD1 protein level
which is a regulatory molecule required for the cell cycle progression
from G1 to S phase (Jiang et al., 2017). Consistently, flow cytometry
analysis confirmed that the frequency of sub-G1 cell population was
significantly increased following miR-5195 overexpression in SW480
and HCT116 cell lines. Additionally, miR-5195-3p overexpression sig-
nificantly downregulated the frequency of G1 cell population in both
cell lines (Fig. 5). Furthermore, we confirmed the cell cycle inhibitory
effect of miR-5195 through measuring the expression level of three cell
cycle regulatory genes. Hsa-miR-5195 overexpression significantly
downregulated the cell cycle promoters c-MYC proto-oncogene (at the
mRNA level) (Fig. 6A) and cyclin D1 (at the mRNA and protein level)
(Fig. 6A/B/C), however, it increased the expression level of the cell
cycle inhibitor p21°P/*¥ at the mRNA level (Fig. 6 A). One study has
shown that TGF[} stimulates cyclin D1 expression and promotes chon-
drocyte cell proliferation through activation of B-catenin and smad3 (Li
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Fig. 5. Effect of miR-5195-3p overexpression on the cell cycle status. Following SW480 and HCT116 cells transfection with pEGFP-C1::miR-5195 or pEGFP-C1-mock
vectors for 36h, PI staining and flow cytometry analysis were performed. A) Cell cycle analysis of SW480 cell line showing a significant increase in the sub-G1 cell
population and a significant decrease in the G1 cell population following miR-5195 overexpression. B) Cell cycle analysis of HCT116 cell line also showing a
significant increase in the sub-G1 cell population and a significant decrease in the G1 cell population following miR-5195 overexpression. Results are the mean of

duplicate experiments. Asterisk mark (**) represent p-value < 0.001.
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Fig. 6. The effect of miR-5195 overexpression on the cell cycle regulatory genes. A) Hsa-miR-5195 overexpression induced downregulation of both cell cycle
promoters ¢c-MYC and cyclin D1, however, it promoted upregulation of the cell cycle inhibitor p21P?/*% at the mRNA level. Asterisk mark (***) represent P-
value < 0.0001. B) Western blot analysis against cyclin D1. Hsa-miR-5195 overexpression induced downregulation of cyclin D1 in comparison to the mock trans-
fected cells. B-actin was used as an internal control. Results are the mean of three experiments. C) Protein band quantification of cyclin D1 was performed using
image J software in order to ensure the effect of miR-5195 overexpression on cyclin D1 downregulation. Asterisk mark (***) represent P-value < 0.0001.

et al.,, 2006). On the other hand, several studies have shown TGFf(}
signaling as a promoter of tumor progression, invasion and metastasis
in the advanced stages of cancer. Therefore, changes in the endogenous
expression of TGF[ signaling components may influence the progres-
sion of the carcinogenic process in cancer cells (de Caestecker et al.,
2000; Humbert et al., 2010). According to our results, the oncogenic
activity of TGF( signaling has been decreased following miR-5195
overexpression in HCT116 cell which is known as a metastatic colon
cancer cell line (Derry et al., 2013; Baker et al., 2011). This may justify
the anti-proliferative effect of miR-5195 overexpression in HCT116 cells
(Fig. 5) which at least induced downregulation of TGFBR1 (Fig. 3B/C/
D) and cyclin D1 (Fig. 6A/B/C). In conclusion, our results introduced
miR-5195-3p as a tumor suppressor miRNA that negatively regulates
TGFBR1 and other TGF[(} signaling components and subsequently cell
cycle progression. The current study introduces miR-5195-3p as a key
therapeutic target for regulating TGF signaling pathway.
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